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Many of the problems reported by conventional complete denture wearers can be eliminated when implants are used to support fixed prostheses or removable overdentures. 3 Overdentures are basically dentures that are placed over any existing teeth or even tooth roots that have the advantage of being integrated into the bone. 2 A number of reported longitudinal studies confirm the effectiveness of this treatment in the mandible, 4, 5 even in patients with severe alveolar bone loss, 6 but results in the maxilla have been mixed. 7, 8 It has already been established through longitudinal clinical studies, structured reviews, and consensus conferences, that the survival of root form titanium implants is very high in the anterior mandible and that the incidence of surgical complications is very low. Furthermore, it has been shown that implants reduce the rate of resorption of the residual ridge in the anterior mandible. 1 An implant overdenture provides stability of the prosthesis, and patients are able to reproduce a determined centric occlusion. 9 The chewing efficiency with an overdenture is improved by 20% when compared with a complete denture. 10 The maximum occlusal force of a denture patient may improve 300% with an implant-supported prosthesis.
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Atrophy of the edentulous maxilla limits the opportunities for implant placement, and because of fine and delicate trabecular bone with a thin or even absent cortical plate, it is considered unpredictable for stabilizing and supporting dental implants. 12 Close proximity of the maxillary sinus may further complicate maxillary implant treatment in the posterior region, and extensive reconstructive procedures are often needed before implant placement. 13 In these situations, inserting 4 implants in the anterior region of maxilla and fabricating an implant-supported overdenture may be a good treatment option.
Ball and bar attachments are 2 main systems for retention in implantsupported overdentures. There are very few comparative studies regarding their clinical outcomes and the possible complications of these 2 different attachment systems. 14 The objective of this clinical study was to evaluate the prosthetic complications of the patients with 2 to 4 implants splinted with round bar or with 2 to 4 unsplinted implants with ball attachments.
MATERIALS AND METHODS
A total of 26 patients with edentulous mandibles and maxillae, who received prosthetic treatments between 1998 and 2005, were included in this study. At the beginning of treatment, all patients had conventional dentures. Preoperative clinical and radiographic examinations were carried out and dental-medical conditions evaluated. Patients with serious systemic diseases were excluded. The preoperative examination included panoramic radiographs and clinical examination for the assessment of bone volume and shape. For selection of arch shapes, preoperative models were used; according to Izards arch shape classification patients were divided into 2 groups. 15 Patients with U-shaped arches had 2 implants and patients with V-shaped arches received 4 implants in their mouth. Implants were placed according to the manufacturer's surgical protocol. A total of 78 implants were placed (Table 1). Two failures occurred in the healing period. In this case, the areas were regrafted and implants placed after 3 months of healing. The implant system was chosen randomly, but each patient received only 1 system. After 2 to 4 months of healing, all patients received implant-supported overdenture prostheses. Patients were randomly provided with a round bar or with ball attachments, which were used to retain overdentures. The round-bar group consisted of 10 patients (3 men, 7 women), ranging in age from 48 to 79 years (mean 59 years), having 38 implants. The ballattachment group consisted of 16 patients (6 men, 10 women), ranging in age from 44 to 66 years (mean 54 years), having 40 implants.
A bilaterally balanced occlusion concept was applied to all overdentures. The occlusion was controlled to prevent discrepancies. The patients were recalled for clinical examinations at 3, 6, and 12 months and annually thereafter. The functioning period of overdentures in the round bar group ranged from 12 to 72 months (mean 49), and from 12 to 40 months (mean 23) in the ball-attachment group. During follow-up visits, the following prosthetic complications were recorded: round bar fracture, fractured overdenture, hygiene complications, abutment screw loose, worn O-ring or replacement of O-ring attachment, and fractured retention clip.
RESULTS
The healing period was completed without any complication, except for 2 implants in one case. In this case, implants were explanted and the areas were regrafted. After 3 months of healing, 2 implants were placed. After the healing period, all implants were loaded. Patient satisfaction was found to be similar with both retentive systems. All patients in both groups were more comfortable after treatment than before. Phonetic problems that were initially seen disappeared after a short adaptation period. One of the patients in the ball-attachment group wanted to have a fixed prosthesis because of dissatisfaction with the treatment. Prosthetic complications occurred during the follow-up period are given in Table 2 . Most of the prosthetic complications were related to the deformation of ball sockets and retention of ball clips in the ball-attachment group. In the bar-attachment group, because of the difficulties in cleaning the peri-implanter zone, perimucositis were detected in some of the cases and by periodic follow-ups there was a slight decrease in hygiene problems after a year in function. 
DISCUSSION
The oral rehabilitation of edentulous patients with mild to severe residual ridge resorption has been greatly improved because of implant dentistry. Since the middle of the 1980s, implantsupported overdentures have become a rapidly expanding and a successful treatment alternative in the rehabilitation of complete edentulism because of simple laboratory procedures and cost effectiveness.
14 Ball attachments and bar attachments are 2 main retainer systems for implant-supported overdentures, but very few studies have compared their clinical outcomes and prosthetic complications that occurred during the follow-up period. 16, 17 Timmerman et al reported an 8-year randomized controlled trial wherein 3 groups of edentulous participants with atrophic mandibles wore 3 types of implant overdentures. One group received an implant-retained overdenture on 2 implants with ball attachments (group 1); 1 group received an implant-received overdenture on 2 implants with a single bar (group 2); and the final group wore an implant-retained overdenture on 4 implants with a triple bar (group 3). Forty-six-item questionnaire was completed in 19 months and 8 years after delivery of the prosthesis. 18 This study shows that having more than 2 implants does not lead to a more satisfied individual in terms of retention and comfort and social function. The results of this study suggest that a mandibular overdenture retained by 2 implants interconnected with a single bar might be an adequate treatment option with proven stability in the long term.
In a prospective study of Payne and Solomons, they evaluated the hypothesis that mandibular implantsupported overdentures using more than 2 implants splinted with multiple round bars would need unnecessary prosthodontic maintenance. Fifty-nine consecutive completely edentulous patients had implants placed in the anterior mandible, and were divided into 3 design groups as follows: 2 implants to receive an unsplinted overdenture design (design 1), 2 implants to receive a splinted overdenture design using 1 round bar (design 2), and 3 or 4 implants to receive a splinted overdenture splinted with 2 or 3 round bars (design 3). 19 They suggested that the quantity of prosthodontic maintenance in design 3 would be greater than that in designs 1 and 2, but it did not occur. 19 And the prospective results indicate that 3 to 4 implant-supported multiple round bar overdentures may successfully be used in edentulous patients. There was no significant difference in retentive clip activation or retentive clip fractures among 3 design types. 19 Other study groups compared patient satisfaction in groups of patients with either bar-or ball-attachment and found a comparable level of patient satisfaction among their groups. 20, 21 Naert et al reported on patient satisfaction after 5 years among 3 groups of patients who received bar-clip, ballattachment, or magnet attachments. Although patients in the magnet group stated that they would have preferred a more retentive attachment system, patient satisfaction among the groups was in the middle. 22 Other aspects should also be considered. Short-term results indicate that ball-and bar-retained overdentures on 2 implants result in better maximum bite force, chewing efficiency, clinical performance, maintenance, and repair requirements than a complete traditional denture.
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In a comparative 5-year study, Gotfredsen and Holm evaluated periimplant conditions and maintenance requirements, and found 100% survival rate for 2 implants bar-and ball-retained overdentures. They found no difference in bone loss or health of mucosa but more technical complications and repairs in overdentures with bar attachments than ball attachments. 25 van Kampen et al showed that functional maintenance complications related to the attachments were observed in magnet and ball-attachment only during 3-month evaluation period, and the bar-clip attachment showed no maintenance problem. They concluded that variation in the necessary amount of maintenance with respect to ball attachment is largely caused by a variation in characteristics of the ball abutments and matrixs that are used.
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According to the present study, most of the patients were more comfortable after treatment than before treatment, and all of them reported that their functional, phonetic, and chewing abilities improved. And we found no difference in prosthetic complications and repairs among both groups. The main complications in the bar-attachment group were hygiene complications because of narrow space between bar and mucosa. According to our patients in the bar-attachment group, it is very difficult to clean the periabutment zone. But after a year in function, they developed their cleaning skills and such problems have disappeared. In the ball-attachment group, overdenture fracture and retention loss were the major complications. Retention loss depends on variation of the implant systems. In our study, 4 different implant systems were used and all systems had different matrix and patrix components. The type of attachment system in the ball-attachment group could affect the retention loss and complications caused by retention matrix. Also, a lack of parallelism of implants could create retention loss because of wear in the matrix part. van Kampen et al 26 observed that all retention complications occurred in subjects where the implants were not perfectly parallel to each other. Overdenture fracture could have occurred because of the lack of parallelism of implants in the current study. It has been stated that implants planned for use with overdentures must be parallel to one another to obtain attachment retention and prevent premature wear or fatigue of the involved components. 27 Many clinicians assume that ball attachments cannot be used when implants are not parallel, and they will attempt to use angled abutments, flexible attachments, and bar-clip assemblies to compensate in these kind of situations.
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CONCLUSION
There is a consensus that implantsupported overdenture should be the first choice of care for edentulous individuals. Implant-supported overdentures are effective in reducing a wide range of denture complaints. Patients strongly preferred implant-supported overdentures with bar-or ball-attachment systems over conventional complete dentures. These 2 attachment systems make patients feel more secure. Implant system, implant position, parallelism of implants, arch shape, initial costs, and costs for repair are main parameters for choosing the type of attachment systems. Some of these parameters can also cause prosthetic complications in long-term. Further studies are required to determine the influence of these parameters on prosthetic complications of implant-supported overdentures over longer follow-up periods. 
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